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*j.ti;3-5ai<t^4&i|taii*i:3-5asft^ij!iiji» 

[iK^^Sl InuGavAlwN (O^u^K O^v 
^1. O^w^l. u + v+w=1) -C^$;h.'5ll 1 05 

3-5g|<b^!|^iti#«:i:lS/^^»->(D±(c. -«ft^ I n 
xGayAlzN (0^x^1. 0^y^1. O^z^ 
1, x + y + z = 1) T?a$*V-5Sg2©3-5«l<b*ia 
¥^«:A>f>!5:-i)IS3 *W-r^ 3 - 5Sl-ffc^!fel^^tt:(cte 
L^r, mi (D3-5ai<b##|iti3itt:<3!) [ 1 - 1 O O] 

fc*3-5fil^b*#l^|ijlH*, 
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2 
■1 



(b) ^ 




[0001] 
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(2) 



[ii*3S 1 ] — flSS I n u G a V A I w N (^*. O ^ u 
^1. O^v^l, O^w^U u + v+w=1) vm, 

^— K»1 a)3-5fi|^k*«gi|£3ltt:i:K/<^ 
— Va)±fr:, — fiftjC I nxG ayA I zN (iCcf. O^x 
^1, Ogy^n O^z^K x + y + z = 1) "C^ 
**t«m2(D3-5»i^b^ife)4^^«:3!jNt,/c*:'&®^^-r'5 10 

-smit^^^mii^co [1-1 0 0] :fjmzmt^w-fftsi 
^-<>/<^->-efcy. K^-r>/<^?->a)i|ii*<i //m 

tis*ii 2 ] m 1 CD 3 - 5 mit^^^mt^t<-mA G a 

vAlwN (5C4>^ Ogv^K O^w^l, vH-w = 
1) 1PS**ti>3~5»|<b'^!t^i»i^<*-efetj^ m2(D3 
-5fi|-fb^it^iti3li**<GayA I zN (S*. O^y^ 
1. O^z^l. y + 2 = i) T:**+L-5 3-5S|{b^ 

[if*3S3] —jlSit I nuG av A I wN (^^^ O^u 
^1. O^v^l. O^w^l. u + v+w=1) 

**L^ss 1 (D 3 - smit^^^mm^ihtj:^m(D±iz^ 
m^(Dm^(D3-5mit^^^m»ti,mtj:^j^ »ib<o 

m 2 (7) 3 - 5 a^{b^if^^««:«b 4.M?^cC^W*4;!)N »^ 
^— >^ff^iSL. ^^^l^iSm a)3-5»|^b^1^iJiStt:i: 

XZ)±IC, — fi5C I nxG ay A I zN (iC*. 
O^x^l. O^y^l. O^z^l, x+y+z= 

1) X'mt*i^m2<03-5mit^m^mm^ihti:^m 30 

3 - 5»l^b^«aifi»«:a)l^it3^^felcteL^r. 
lS/<^->*!: Lrmi CD3-5«^^b^1«g*3ltt:a> [1- 
1 0 0] :^[S]f3«E;te^fT*^-r>/<^ — V^ff^jSL. 

oiS5-r >/^^— >cDti$ 1 AimjaT^-r^c^^ifjfii 

^■r« 3 - 5liS^b^iKgifi«tt:o«ig:&afeo 

5 ] S 1(D 3 - 5 S^<b^i|ai{i«{*A<-«SG a 
vAlwN O^v^l, 0^w^1. v+w= 40 

1) -easix^s-ssi^b^feiili^ttir^fey. m2<;)3 

-5fle<b^iai|£3|tt;;b<GayA I zN (5C*. O^y^ 
1. O^z^K y + z=:1) r*S**L^3-5g|^b^ 

[iS*Il6] — flSxC I nuG av A I wN (xCcf", O^u 

^1. o^v^i, o^w^K u + v+w=i) -ea 
^*i^m ^<0 3-5mit^m^mt^t^h^fj:^m<D±iz^ 

m^om 1(D 3 - 5 «l^b^1^^®«;<»: ^mts: y . ^|B(7) 
»2<7)3-5Sl^b*!fel#3«:.!:tS^^:l>*t^^^^t>^i:-S/< 50 



K«ia>3-5fil^b^«3*»«:tK/<^? 

— >a)±IC. -fiS^I nxGayA IzN (5**. O^x 
^1. O^y^K OSz^K x + yH-2 = 1) 
**i««2 a> 3 - 5]!fift*«a*»tt:AN &3a:«,IB$Wr«» 
3-5K^b^!|^iti«tt:^^lzfclNT. S/<^->A<mi 

a)3-5Bi^b#!|^4i#tt:a) [1-1 oo] :^iH]izffite¥ 

js**Lfc c <!: ^i^at -r* 3-5 jfe<b^!{aitiai{*m^^o 

tiS*«7] -fiftiCl nuGavA UN (^cf^. O^u 

^1. o^v^i, o^w^i. u + v+w=i) -ea 
**i«mia)3-5 fll^b^^&#»«:*^ e> 35: « H<D± fc . 
ffirlSCDmi (7)3-5jS^b^«^¥S{*<i:tS3Sy. ^|E(7) 

m2a) 3 - 5fii^b^ifei*S«:i: 

^ — >S^L. Kai a)3-5Kl^b^ifei*#tt:i:iS/<^ 

— >a)±IC. -jftiC I nxGayA I zN O^x 
^1. O^y^K O^z^K x + yH-2 = 1) 

**i^S2(7)3-5 mit^^^^mtiit^ t> -SB * w-r 4 

3-5»|^b^«g#»tt:3S*«^fcfetxr. K/^^'-VA^ 
mi a)3-5j^{b^it^i*t®«:0 [1-100] ?3lpllz«f 
te¥ff3S:^-f V/^tS'-VT'fe^ 3 - 5»l^b^!t^4^«f*± 

[if*il8] IS*^6fBiEa)3 -5]8i<b^i(a*©{*^^ 

\Zt^l\X. — fiftiC I nuGavA IwN O^u^ 

1. o^vgi, o^w^i, u + v+w=i) -r?** 
*v*mia)3-5Si{b^1«li|i««:i:t,M35:y. ^IHOm 
2 0) 3 - 5 K^b^Jfei^Stt: t M^i:^«**;^)^ t, tSi^j^^ 
->*WL. KISia)3-5S^^b^te4i^tt:^S/<^- 
><0±IC. -fiS^ I nxG ayA I zN (xC*. O^x^ 
1. O^y^l. O^z^K x + y + z = 1) trg* 

;K-5>m 2 (D 3 - 5 »l^b^iKgiJi^«:Av 35:^S SW-T ^ 3 
-5fl6^b^iK3*»«:)!)^ S«ttSS±fzff^jS**tfcCi: 
^ttfiftir-r-S 3 - 5^^b^!!^ili«<*^To 
[iS«:Jl9] »*^71StS0 3-5«l^b^!t^4^St*:«7fe 

nuGavA IwN (Sftf^^ 
u^l. O^v^K O^w^l. u + v+w=1) -p 

OimzaiZ-Bmit-^^i^^m^t t.S'5:■5«i|4Jb^^.'5:■l) 

^ — XDiCl. — JlftSC I nxG ay A I z N (iC*. 
x^1, Oiy^l, O^z^K x + y + z = 1) t? 

C <!: ^^®<fr * 3 - 5ai{k^!|^ifi^tt:^5fe^^, 
[S!*S1 O] iS|3|t]S6 8a«©3-5Si<b^fe^«<*m 
^tfcL^T. »1<0 3-5fl6fc$1&i|i3ptt:it,J|^i:y, 
m 2 3 - saiit^ia^^fi: t ^,m'E^i)*tii^A^ e,3tf5/< 

t, «1<7)3-5ttfl:^iai|ijet*:ANe,j5i:^jgfl)BA<2o 
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m2©3-5^^l^b^!^i^i3ltt:i:=fe,s*i,«^^)!)^t.^EE 

-5y<^«— >A<2■^J^^±©B*^c>3S:y, miro3-58l<b 
C) 'S:-5)BI=SIS*:»|S1 e,!ase L Ti'f f= i: 
#13. mi «)3-5BHb^!t^#^{*A^e,^i:^|groffiA<2 
o Ji^±a)JlA^ b -XOggJic J: y RS^tS < 

^^rl^i)C i: ^i^Sir-ri, 3 - 5 J!l<b^ia##i*«3fem 

[o o o 1 ] 

u x + y + z = i) t^m^ti^m.it^i^3-5mit-^ 

<t *roS{3t:&ji J: tfS 3 - 5 ffiHb^!^*©**: 
^ fflLxfc 3 - S «l<b*iai|i»«:«^t 3-5 mit-it^i¥- 

[0 0 0 2] 

[fi£*fl)li<(fl -tea I nxGayA 1 zN (SCcfi, Og 
xg1, 0^y^l. O^z^l, x + y + z = 1) "C 

S*4x^3-5fil<b^^*#i*li, ;iattlcj;ypi«fi 

u:a I NjISJtirfie-r -5, K<b^!|*l¥#i*l*, 
K^-vy3^*l#ofcto. s i •if»G a a s??, 

«e*-fi5fl*) iCffl LN P, L^5*^^*:•e liiSf^ -C # U J; 

-ess*. *fc, mit^'^^^mmt. /<>k^v:':^a<*: 

to DO 3] !»(cK<b^i|^itiji«;(D7=/<-i'xjS;ffl$#^ 
-SJi-e, «e«1*S?©. 3-5a5^b#«8ifi»(*ttt 
M^C -SW^A^i^^b^l^^li^tt:* (~S«)a**tfclijt (±. 

w ©a® iz L r ^? c. lcK<b^ife^ftSit*:(nfiSBES * ft 

fc^ it ^f^Si-r ^ =: <t A^r- # s , 
[0 0 0 4] i$sa«!i^-efgaaffi£si5»wicS5:s* 
t Lxit. ^^m»&s.(omm.izmi^p>*ixi^^mm)saT. 



[0 0 0 5] :i<D^5\z^mitmmiba,-^*itzm&x 

L, -ffl:lcm®*ti^-e9!5)'a*il=S*5nfci^Sasi::SfiE 

10 ii«©safiEgA<iifca)i=j^uT. sa«S4±7?(*. « 

SfiEfiA<jeze,/il,%, *fct*R«^eiijafiA<iBc*^ 

amfztb^ ii^rojsasstiiM'Sy. -fiiiciiSftfS 

llfiKfiA<3itrl=-34i, 3feSlz*#</j:«<iaRiA< 

fey. si^icsFffi^ffsass^if-sfctoicii. 

S^lzj3l^rl^. lij£5$aA<7S/.i:1ltit^3^<&$-ca} 
^raA<A^A^y. XSSMSiit^jit LTHHA^fcofc. 
20 [0006] 

[S6IBA<«aiLJ:5t^i)HH] *«IS<OBWI*. mtb 

S®A<¥JB/j:1Siti:^cy. 31)10) 3-5 gl^b^ife^Stt: 

^n^kt^ism t mmtha^^mit^^-r^mM ro 3 - s 

ai«:^!|a*3e(*:, *JJ:t/R3-5«6<b^ia^Stt:^fflU 
fc3-5Sl<b^1«3i*i#l*m^i 3-5«Hb^«a^ai«:3e3fc 

[0007] 

30 *s6eB«p,i*, tttm^&trojss. m^mmx'O^m^m 
(D/^d'->^^^<Di<Dt-r^:itx^ ^£SEJ:y)l^^'A^ 
icsfiEfiaffiA<-»T?sFffl/j:«ifi(o 3 -smit-^^i^-m 

«:A<?#e.*a.-5Ci:=&MdiL*«Bj|zSofc„ -TJit)*.. 

C 1 3 -fSkA I n u G a ¥ A I w N (SCf. O ^ 
uSl. Ogvgl, Ogwgl. u + v+w=1) t? 
a**i.-i>m 1 O 3 - 5)Bl•(b^!|^^|i^i®«:A^e>^c^@0DJl 
l-> Mi5©miO)3-5Sl-(b^!|&itiSft:i:t,Stcy. m. 
IBOm 2 <D 3 - 5 SHb^ia*#t*: i: t a Jjt •I.«^^A^ P> Jjp 

40 /^-Si — >ro±|Z, -|J5^ I nxG ayA I zN (S**, O 
^xgl, O^y^l, O^z^l, x + y + z = 1) 

T^3-5mit-^^^!-mw{ztBi^x. m/<9—>ii^mt 
© 3 - 5]S^b^ia#®tt:w [ 1 - 1 o o] -jsmzm^w- 
ft'S^'T^/^^'— iz-efcy. K^-<i//<*->©ffiA«i 

mULTX&i 3 - 5iS<k^!t5!l¥sS*lCfiS^t,©T?fc 
i), *fc, *#|BJ(i, C2] — flaa I nuG av A I wN 
(it*. O^u^l. O^v^l, O^w^K u+v 
+ w=1) ■e«**L4mi(0 3-5te{b$ia^3itt:AN& 
50 JS:-5li©±lc. iJISOSgl ro3-5«lft-&«5ifi!Stt:i:t 
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M^^c y . ^lEcom 2 CD 3 - 5 mit^^^mitit taft* 

IzN (a*. O^x^K O^ygl. O^z^K 

x + y + 2 = i) v^^H^m2<D3-5mit^m^^ 

[1-100] :^lSlfC«:te¥fT?S:^-f >/^^-> 

3?P»f3. [3] —t&Al nuGavA I wN 

(xe4»s O^u^l. Ogv^K 0^wg1. u + v 

+ w=i) -es*ix^mia>3-5Si<b^!ta4^^t*:A^p> 

tji^m(0±iz^ ffi8B(7)mi(D3-5Mi{b*!fei*»(t(tt, 
SIEC0m2(D3-5«l^b^i|a¥S(*<b*m3S^ 
*tS^3!)^^7Ei:>5/<^->^WL. 1 O 3 - 5 J^^b^ifei 

^SfrtlS/^^— >CD±(Z, -JS^ I nxG ayA I zN 
(S*. O^x^l. O^y^l. O^z^l. x + y 

+ 2 = 1) vrnts^^mzcos-smit^m^mm-^h, 

/i^->i)^m-\(D3-5mt^m^mi*^(o [1-10 
o] y5\^\zn^^nti:^^ ^y^^—^xS)^ 3 - smt 
^m^mt^±\zmf&tHfz3 - smit^^^mt^m^iz 

GavAlwN (5S*. O^u^K O^v^l. O^w 

^1. u + v + w=i) v^^H^m^03-5mit^ 

^^!^mm^^^6iim(D±{z^ fiiBa)micD3-5«i{b^ 

tt:<b*.M/cf:^«**A>t,/cC^/^^-~>$':^L. 1^^10)3 

GayAlzN (^C*. 0^x<1. O^y^l. O^z 
^1. x + y + z = 1) X'm^*l^mZ<D3-smit^ 
^tj:^m^mt^3-5 «l^b^!t^i|i^tt:^5fe 

m^icfci>r. K^^^— >*<mi a>3-5jB6^b^!Bg#^ 
[1-100] *ra]iz«Etes|i^Tr7s^^>/^4'->"e 
&^3-5mit^^^^»±izr^f&^ixtz3''smit^ 

ia*«(*«5tm^ IC^ ^ ti T* o 
[0 0 0 8] 

— 85^ I nxG ay A I z N (xC^s O^x^l. O^y 40 
^1, O^z^K x + yH-z = 1) T:a+3**l^3- 

(0 00 1) ® (c®) ;!)<S:ii?7^d:j5^S®<t LTJS:g-r^ 
C^;i)^^^,;^^rl^'5o **0J<O3-5Sl^b^!t^^^i* 
I*. —t&A I n u G a V A I w N (5C*. O ^ u ^ 1 . O 
^v^K O^w^l. u + v+w=1) X-m^H^m 

^<D3-smit'^^^^mm^h>tJ:^m (i^t. Ttfefi^t 

L^5Ci:A^fc*) — aftS I nxGayA IzN (it 
O^x^l. O^y^l, O^z^l, x + y + z 

= 1) xmts*i^mz(0 3''5mit^m^^m»mti^i^tj: 50 



[1-100] :^rS]icffiEta5|z^^^i:^-<>/<^->^^-r 
tiii^(oi^r*i<D3-5mit^m^^mii^tt^tsi^ 

[0 0 0 9] *«0JfCj3L^r. [1-100] I^lSllwfiE 
te3jzfx^i:^-<>/<^->^:t-r*i:li. jEttlc [1-1 

oo] yj\^xtj:<: ti,<^<. «E+3 [1-100] 

f±. [1-100] :^fS];5^b. ± 1 sj^iartrfe-sz^t 
L<. SFe,l::»*L<(i± 1 oSlUrt. iNJicJTS 
L<li±7gJSJlrt-efcSo "y^ly/^^—XOTjl^i)^ [1 
-1 oo] :^fS]?!jNt,$fcj^fi|-ei 5aj:y:fc#<j||*tTL^ 
^m^. *^0ja)S?i^A<3E^ic^#t>tL?£fU<DT»*L< 

[ai] _ 

[110 0] 

(blBtE-rixfc^^*. fli:t± [1-1 OO] (D.fc5lwlS 

[0 0 10] :^^BM0 3-5mit^m^miii(Dm^-f5}i 

\t. — «iC I n u G a V A I * N (iC*. O ^ u ^ 1 . O 
^v^l. O^w^K u + v+w=1) -e^*;K^T 

<o±\z^ fS.mm^f&mr^3-5mit'^i^^^mii^o>m& 

:S^(CfcUxT. >«b LTTtfeJiO [1-10 

^-f xDtssi /imjaTi:-r*ci:*!|#ait-r 

[0 0 1 1 ] [1-10 0] :^\^tmm.^!^(D 

[1 1-2 0] :SfSifz«Ete^fT35:^>r>/<4'— v^j^jS 

Lfc«^a)^/aS;!)<KJ^f^^^Tt^fc (J. C r y s t. 

Growth, 144#(1994^). 1 3-3^— 

■To 01 ic^-rj:-5iz. nj&mmm\t. fH&tmtyiz^ 

HX. — {1-101} z^T^zvV 

-^(7)fiESiSJSA<ffiJSMfc*#iNfc*:)lz. -a (0 0 0 
1) ®[*I5(S>S*LrL*5o *b(cjSfi;!)<5it;fz-Dti 

>lzJ:yparc,4^rl^f=. M^^mmtm^'t^. a?^ 
3b<;:femics*y . %.^mz^xs (oood ®A^-«src 

[0 0 12] *«0^ICfeft-5 [1 -1 OO] *|p] 
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h®:&rai'^<7)fiES3b^3iitrico*Lr. ^siz (ooo 
1) mf^^nti^^o ^x^/<^-i/(7)isgi«3!)^b/S:iLr* 

(0 0 0 1) ^^0:f57k 

(0 00 1) mt<m^^mm-c. — h. 

(0001) ®)5i<5B*-r*a)l::*tLT. 
li. li/«:^;b<jit;fcon. (o o o i ) ®/}<:j^mfz/£;{)< 
y. (000 1) E(7)ff^fiE*<fie*(7)a^<bikRLTj£'V> 

¥aftiijsss®/)<ck y^u^spST*J^jaaF^^4z^/)<» 

[0 0 13] *^B^^C^L^^C<t;!)<T*#^JSS^^ai^L 

) . 5^:^Jgxe^+v-j£ (J.UT. MBE 

T. HVPExfei:tB-rc:t;!)^fc-5»o ) ^fit: A<^lf 

-So C<Z)4i-CI4. MOVPE5**<. *®afc*5fcyi$i- 

[0 0 14] m1^7?3-5te<k^!ta4iS«:A^b^^: 

SHfCOL>Tf±. — jJftSCG av A I wN (sC*. O^v^ 
K O^w^l. vH-w=1) -Ca*4x^3-5Sl^b^ 
S2<D3-5«i^b^ifel4i3|«:ANb^i:-5Sl3-3) 
LNTfi. — fflSG ay A I zN (S*. O^y^l. O^ 

z^i. y + 2 = i) x^-^i^thz-Bmit^m^^mw 
/ [oo 1 5] *«lB^::fcl^r. 2r^^^^g?ir-&% 

^a A^s\ S K SiC. NGO (NdGa03) . X 
*Lt>o S I C, SI, G a A s^CD^mttS*^ 

SfcA. «^f^i!::^p-fexa)faa^b. *^<7)ttj»J5!i^a 

^Sl±;^)^Il!^^^:®^A<fey$?*LL^o C:at>COaffi^fflL^ 
fcjSSlZfclN-C. ISSffi±fZ$t>l3ZnO. S i cS<^ 

£n^aj--n-^ Ga A I Na)aHK*fcf±-5-*i8a)ajlffii 



10 



20 



30 



(vx^) \zmi^i^nt\.x\t. nf&.^<o 

ffil^-5C<!rA<T?#^*<. S i 02. S i Nx. Sfctt^i^ 
^X^>35:ira)*RI|;!)<^ff b^x^c STX<7^mia) 

L-CI*. HSjS. X/^:;^^. -Ib^^^tlffiltSaS^ffllN 

[0 0 1 7] KVX<7(Cffll\4«3^(C.toTli. VXi7 

^=3S^7'c^:*^m^b3^c^:'5>^X^ ^Sg-r-SC <h;!)<»^ L 
I*, s i 02. Si Nx*j:if;6<^if b*i«o c:ix?>a)-7X 

<7^cfflL^4*t^*^. sffi:^S3!)<±i:A;>-n^*7x^7±iz«[ 

llja«a)l!ifflft»c*tLTf±<b¥Mlc:FSS3S:*t»* 
VX^<!:Lrffll^^ii^. Ai>f±y. 'S^'^tsi^nt^^t^^ 
^X^^SSLrffll^-5C<^:•C. ^^jaS^lc:^^^^*^ 
«^ «S L r S -5 C <b # -5 o 
Y~~[ O'OT^-] '^ffc-^^B^^S"- SK^b^W^SftS?^'; 
l::oL^Tl¥alzS^B^-r*o *«HJ(7) 3 - 5Sl{b^!K3*^ I 
—f&A I n u G a V A I w N (SC*. O ^ u ^ 

1. o^v^i. o^w^i. u + v+w=i) -e«* 
n^m1(D3-5Sl^b^^feI^^^*7^)^b/c^:^@o±^c. itj 
fBa)mi<7)3-5Bi^b^!teii{^^«:.fctm>fey. ai2a)m 

2 CD 3 - 5K^b#«3¥3lf*i: tm*««ft;b^P,^^:-5/^^^ 
->^WL. ISmi a)3-5fll^b^«^*3|^*iBE/^^- 
>a)±lz. — flSiC I nxG ayA I zN (^*. OSx^ 
K 0^y^1. O^z^l. x + y + z=:1) Tf^^ 
tt-sm 2 0) 3 - 5 fli^b^!|*l4^»^*36^ t, 3S:«B *fir*r -5 3 
-5ai<b^!^*«{*m^lzfcixT. ^/<^-V;b<mi0 
3-5]K<b^ia^^«:0 [1-10 0] ^fai(r«Ete5ii^^ 



40 



fcto»*_LL^o 

[ O O 1 6 ] m i O) 3 - 5 ji7b^iaiji^{*)&v%--7|^^^^ 
±l::ff^fiE-r-S. «l a)3-5fi5<b^!|*|i»t«»<tt,m3S: 



50 



[0 0 19] fttt:WIZfi. ^JS*VX<7t LTili^iSt; 

»«BS|h^>i;x4J(Z)m«:W«jt^ig3fc^v^o * 

/r. iSSib!fel^3-5»|<b^Jfe|#««:li. flfe(D3-5j^ 

^b#itaiti^»izit-<rKii$Ea*±t*:«h-r^;ass<7)s!g 

b. *«^lctelt^sa^)a^aJg^-J:yTife)g35^^a>^J 
wtDffis* J: y }qi*ii-r ^ c t J; y ssatto) 
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(mi a>^x<7 2- 1 <hm2a)vx^ 2-2) ^l^f&L 
[0 0 2 0] SjaSICjzoTs e(iSaa)/JvSL>gP»;5< 10 

^«s*2iH]«yis-r?3a/)^^if b*t^o iiiiBa)iij« 
^fia^iss-r*::i:icj:y^ 2[Hlga)SiKfiSr*iiS 

?S:*3^.. *«Wa)3-5«l^k*!|a*3l^tm^l::tel^■C. 
mi<D3-5«^{k^1«34i^ffi:tM<i:y> ^20)3-5 

[00 2 1] i&i^xm^s.comit'^m^^mt^'^m^fctb 

m\t. 4/imJsJlT1 0 0Am±r*S)'5Z<t;i<»*L<. 30 
cfcy»*L<(±3/imJ^iT2 OOAUli-efc-So VX<7 
(DVSlt. O. 1 //mislJie A/mlsiT*<»*L<. J:y» 
^L<l±0. 2 |/mJU_t4 /imiaT-efe^o CaLTT? 

[0 0 2 2] *«0J<7)ili^tt:m^a)^iJ(D«)Ii:L 

:S.5aSh^>vX^ (FET) ^^Slz^-To Sffi4± 
ic. s i O2<o [1-1 oo] *iRia)x 

2iPi3iayiSLTf^SLT. teess<D/h*?s$gs$f^i4 
7. V— xafiis. hmfii9. Ku-f >msi 00 



W^n^ir^o *«0-§a)FET«jt-ei±. m^=^^^TB<7)* 

[0023];:R[c. FET$lift*i^^fcA/^a)#Ba)S 
B (S^^jfefrB) 6(0Tflaa)SJSfiBf±S»gt-efc*ie^ 

^/j<fey. ^-vyrsgiis X 1 0^6 cm-3 j^jLT-cfc^ 

C^;{)<»*Ll>o n-Mg14B («^^ftB) 6a)BK 

f*. •€-(7>^A'yrjBJSf::jci:Ta^«:eH;&<fcy. ^^-v 
yTiiSjt)^;SL>i5<i:SttBJifi. s<-r^ie^s*<&5c 

*f ^ Ll^^•V y ZSSCOeSfflfi. 5 X 1 Ol6 c m-3 JajL± 
3 X 1 018 cm-3 jaT"e&4o 

[0024] n*M=l>^^ hBVCD + 'VyT'Sgli. 

1*1 X 1 O'^ cm-3ia±1 X 1 o21 cm-3felT-Cfcy. 
J: y L < I* 1 X 1 018 c m-3 Ja± 1 X 1 O20 c ^-3 

[0 0 2 5] v-;^Baii: KL/^>aail*. -t—^v^? 

^^-^m^WSJ^i: LTfi. AK In. Au. TiAu. 
T I A U C r Au^^»iaiCfflLN*C^}!)<T***o V 

li. Pt. Pd. Ti. C rl|$»®(cfflt>^C^;&<-e 

[0 0 2 6] *SgB^<D^^(*m^<7)Sija)«!li: t 

r. ^6fC7F-rigm^^®!lSh^>v;^^ (HEMT) 
ICOLNTlftBJf^o ffeUiiE^fcFETOii^^l^fiKrL 
T2l51(Dai6a^JffiSlzJ:y. l£ffiffiJS(0/J>*LN/>K 
(iSfSta) GaNB^ffSSL. Ca)±fCHEMTfC 
ie5^^(7)^7"Pg^^® 1 4. n*M=a>4»<7 hB7. V 

— xeffis. y-hmfli9. Ku-r>a8ii oajs^mfli 

^Bf&ir^o ^^P^^^®14(i. y>K-:/GaN 
<7)±lwS i F— :>'n-l/A I Ga N® 1 3$-f^S-r^C 

;u) ^m^-t^o y-h«m$iBS-r*ci:icj:y. 

a K^-|g^a)m^?S^B<7)il*^S<b*-&. 

[0 0 2 7] -»ICHEMTlijt-eii. m^^^7^•V> 

> F-:^Bfii|-efe^fci/b. ^^>it^mmz^ 
^n^t<tii<^ FETcfcy tigi^^iss^bqtbtL^o * 

*«B^T*[i(jt*<DHEMTl«itlZi±-<r. TifeB 
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[0 0 2 8] HBMT^mi^ti±^tzib(D^m(Dmm. 

-V'JTlBfiliS X 1 016 cm-3ejlTT?*^^t36<»*L 

[0 0 2 9] n-MA I GaNBl 3 (DJlJSfi. *(7>4=- 

ial^($<t•n-MA I GaNBl 3<DllJ?li. a?<-r'S>iej' 
ilA<fc4o »*Ll^+•V•jrilSa)g5H[i^ 5 X 1 0^6 
cnn-3JSl±3 x 1 Ol8 c m'S JslTT &-5o JSn-SjA I 
G a NBl 3(7)A I NgSlt(7)$?*LL>EH(±. O. O 
m±0. 5JUTr*fc4o KA I NSSlt:6<0. Olcfc 
y/Jx*iNt. 36»3S:iSSa)2»5c«^^^fXA<!#e,^x-r. 

[0030] n*^=l>^<7 hB7(D + -VU7iiJSli. 

[i1 X 1 017 cm-^JiiJii X 1 021 cm-3JsjlTt:fcy. 
<t y L < 1* 1 X 1 018 c ^-3 j^_t 1 X 1 O20 c m-3 

[0 03 1] V— xmSI^ KL/-Y>mMf±. S^:;-^ 
«ffi■e&s::i:36<^?*Lt^o hMg a Nfz^^-r^;!-— s 

•:^i7afil*t«i:Lrii. Al. In. Au. TiAu. 

fi. Pt. Pd. Ti. C r*^»ig^Cfflt^^,Ci:*<•e 

[0 0 3 2] 2fefr. *«6B^(7)i|i®tt:^^^(7)55iJ<D«<!:L 
r. ll3fC^-r»«BiSt h^^yxai (S I T) fCOLx 

xm^-tho m 1 CD 3 - 5 »|{b^!t^4i®ft;b> b /cf^B 

(TilfeB) l-efc-SSi K— ::^n*SG a NBa)±fC. 

T i AuA>?>«:-s [1-100] ^ifiKDx h^-<:^tta) 

3 - 1 -efc^y > K->^G a NB^^SLT. m 1 0)^ 

[1-100] :^f^cDx h^>r3f«(Dm2a)"7;^^2- 
Z'^BfSii-^o m2(7)-7;^^a)fig(i, micDvx^^i: 
4^J§«8-rix^«i:-5lz-r'5« ::a)±lcm2a)^j5£SB3 - 
2-r?&^y >K— ^Ga NB^jffiSLr, »2a)vx<7 
*^^f::Si62it;o ?l^iS8l^T n*^=i >^ -^7 hB 7 t? 

^ hB7<;)±fcT f Au3C^^?>^^:«afii^ff^^•r«^ ?S:fc 



[0O3 3] CCD^itTMi^Kli. ±3bNt, (*fc^±T3&^ 

-eiiS2a)vx<7 2-2T*fc^p t ) (Dmm<Dmm'^^ 
y-h<7)^^Bts^Ba)raa)a55j^) ^ zommmtm 
10 -KmiEi^cfcy. v-x • Ku-r>Ka)m35*<^isaF 

iZtS^CDX. FET. H EMTrztt;^-CS<36^0ftag«4 

[0 0 3 4] ;jRfc, s I T^iift3F-tJ:4fc*ba)#Ba)B 
Ji. ^itcon^Li^mmizmLxmBMi-^o a^^tr^ 

it. ^—hmu7.h=y^y(Dmm\zj^cxm^t^mmt< 
T-e&y. c:^^^c|^:cT»*LL^+^yrag^±. 2x 

1 018 cm-3;{)>^ 1 x 1 015 c ^-3 S-C^fb-T-So 
[O O 3 5] *S I T|::fcO-C. S I K— 7^n*MG a 
NB-efc«»TiftBl fcJ:T/n+^a>^^ HB7li. a 

hB^ Lrftffl-rsto-e. ^-o^-vyraaf*. 

30 ^^ti::t-^v<7mm^\^^m^fzi^\z. sestt^a* 

< tt 1 X 1 O" c m"3 j^iJi 1 X 1 021 c ^-3 jaTrfe 
y. J:y»SL<f±1 X 1 018 cm-3ia±1 X 1 O20 c 

m-3 j^T-efe-So 

[0 0 3 6] V— Ku>r>mfii(±s 

m^X&^Zttm^Ll'^o nMG a NfC**-r«:<-— 5 
*V^mfii«3|4<t LTfi. AK In. Au. TIAu. 
T i A U C r Au^^ttfmizmi^^Ztt^X^^o C 

(D5t>. Sia)SfiEfia)-7x^iLrfijffl-r«S<ffi. 

40 Mm^(Dvs<Df&^j^mzm?L^mmm<!£!>^x^^o 
X. Au. T i Au. T i A I ^tmmzmmxti>o 

nSGaNlcM-r^i^a^^ h^-m8i<bLrfi. Pt. 
Pd. Ti. C r ^^»5Slzmt>-&c«t3!)<-C^-5o 
[0 0 3 7] ^\Z^ *«B-§a)3-5«l^b^«3i|t»«:ai3t 

^^^i^n^m^it. — flSxCl nuGavA IwN (^^4^. 
O^u^l, O^v^l, O^w^l, u+v+w= 

50 1) T-a*4x^mia)3-5»|^b^Jfei*»tt:3bNt,3S:-5)H 
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7!)^t>^^:^/<^^->^*L. 1 3 - 5 St^b^l^^S 
{*i:KA4« — >(7)±fZ. nxGayA IzN 

O^x^K 0^y^1. O^z^K x + y + z 
= 1) 'ea**t4m2<D3-5ft^b^i^*^(*A>b3&-5 

/<^~>A<mi(7)3-5Bl^k^iK!li|i«tt:<7) [1-10 
O] :^fS]lc«E^35}i^^/j:^>r>/<^i — >T?fc^3-5K^b 

[0 0 3 8] *«Mictetxr. w«fifcj:or. tefiffi 

z<5r7!)<r'#*o -r**:)*). *«H^a) 3 - 5»|{b^4a¥« 
«:^**^lcfcl^r. mi a)3-5te^b^!Kg^^«:*bt 20 
m?&:y. m2(D3-5K{b^«a*«»:i:tR)S:S«S^35>x 
»^?S'S>/^^ — >;()<2oia±(DB7b^b/j:ys mi 0)3-5 
St^b^!K^ifiS{*)b^ b ?^d:^BlzSil^^::^fS];{)^ LT^ 

[0 0 3 9] :^^BM<D^^m^(DmtLX^ 
— K (LED) ^HVIZ^-To Sffi4±fC. S i 02(D 

[1-1 o o] y5\^(o:7. h-^'<ym^:^<7 1 s i k— 

il-r«o 3<03Baa)±IZn-SGa NHl 5. a^#F 
M(7) I nGaN^3feBl 6. A I G a N^gg 1 7. M 

g K-:^pMGaNBi 8$i$SL. ^::^;u^-xP«it 

^>T>^IZcfcoT^.*L. n*SG a Njga)SaiaJ5J^ 
Jf^/SL. CC0±ICnmfil1 9. pMG a N@ 1 8(7)±l3 

pmrnzo^mm-r^o ca)«ijS(7)LEDT?ii. «e*a) 
LEDizjt^r. ^5^4^&ga)'>3S:t^aHa)«4^fc^ss(7) 

±lC|S:gLrl^^(DT'. ^RSf:: J: *l^|g|^W3e^«i^A< 40 
[0040] l ED$16i^SlJ:-5f=A6a)#B<Z)H 

s&-r^m micDmxitmzcDmm-Bims-'Z') <D^^r 

SSI*. »*L<(*1 X 1 017 cm-3j^±1 X 1 021 c 
m-3 J^T-efc y . c*: y L < l± 1 X 1 018 c m-3 J5l± 50 



1 X 1 020 cm-3i^lT-C?fc-5o 

[004 1] a^#pg}<7) I n G a N^gpfeB 1 6 (7) I n 

NSftitii. aWiir-r^ft^tKSi^iscr 1 o%jbxb5 

0%(7>tEfflr-*^-r4a «3feB<Djf?*LtNl|[*l*. 5A 
liJl±9 OAjaTOBJffl-Cfc^o SI3teBIi. n^^$E1&fc 

^;^)<^f*Ll^o «3feBa)»(i. 1Sr*t,.^:l^/>^ «arz 

LTtJ:l^o ClO)®^. «SJC7)S^ptBa)ra(7)B (J^^. 

[00 4 2] g^,S®filJfCi£tN%3tBf^S-r^A I Ga 
NSBIB17I*. I nGaN«*Bl 6CDj»Sfe^b$|»C 

fcifti[cig(t««aB-e&*o ca)BG)iiaj?lt^Lrtt. i 

n$^*^^:l^A 1 G a N7!)«Sfttt;!)<SL^a)T$?* LL^o 

c(7)«s®t6ii. A I m^sk^tmrnz^n-t^o a i s 

^^#*(7)f3£vl|/j:BJlfi/h*<3a4o ^^?*LL^A 1 N;1 
Sitl*. 1 0%Jsl±5 0%iUTTa&*o 10%c*:y/h* 
l^i:^»*«a«fll3bM#&ttlz < lxa)T*»* L < < . 
5 O % J: y :fc#txi:3Baia.HA^fiT'r 4<7)1?»* L < jS: 
0>o S/c. »*Ll>«SB(7)J|[*li. 5 0Al.:i±i 00 
OAjaTT'&y. *blC»^L<(i1 0 0AJa±5 0 0 
AJSlT-efe-So 

[0043] pm«i^^(7)±fcff$^-ri>Mg K-:/pS 
GaNBl 8a)^-\'y7iiJS(i. 3t«">^f:t-5*:;C?mai 

i^^l^o K^A'yrSgli. ftf^L<(i3 X 1 017 cm 
-3J^JL±3 X 1 020 cm-3 tJLT-cfcy. cfey»^L<fi1 
X 1 018 cm-3 Ja± 1 X 1 020 cm-3 JsilT-efeSo 
[0 0 4 4] nSG a NlCj^-rS^t— 
Lrfi. AI. In. Au. TiAu. TiAK Cr 
Au^$-»iiSl:iffiLx^Ci:7b<X?*^o pMGaNlcJt^-T 
«:*--5'y^?«ffitr3Bt LTI*. NiAu.MgAu. 
Au. Pt. ZnAu, C a A u^^^^HSlZfflU^'5Ci: 

[00 4 5] *«B^a)fg5t^-=F(7)Sija)««b Lr. 
H8fz5^-rL/— if— 5f-f:i-— K (LD) fzoiNTKM-r 
SffiiJiic, s i 020) [1-10 0] :^fS]ox h 
^-<:^Svx^7^s i K— ::;fn*MGa NO^jfiSiZcfc 

orai6ajs^«ii$2is]«vigLTf*a!L-c. eesa 
o)^h*j^d:nU^mtt$£a^f^K'r^c c<7)jBa(;)±icT 

fiP<7^*v KB 2 3-efe'5nMA I G a NB. TSP5t3S?lS 
B2 1 -efc^nSG a NB. «5feB2 TTrfc-S I n G a 
N^aa^#FB. ±«5t3l2iB2 2-C*-5pMGaN 
B. ±gP^^'V KB 2 4-C?fc-5 pSA I G a NB. mSE 
Si^B2 8-C&*y > K— :/G a NB^ifidl-r^o 
fc. I nGaN*fi*^#F0)«*B2 7l±. InxG 
al-x N«£*Bi: I nyG al-y N/<y7B (CC-e. x 
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[0 0 4 6] ;jRfc. &s®a)m3lESt3gB2 8a)-ffl5^x 

[0047] LD^Wii^^-^ifzisb(D^m<Dmm. 

»* L < l± 1 X 1 c m-3 j^_t 1 X 1 c m-3 j^iT 20 
•C&y. J:y»*L<l*1 X 1 018 cm-3fei±i X 1 O 
20 cm-3 J^XT-efe^o 
[GO 4 8] ^MM-f^#F0^3tS2 I nNfl^Jt 

'^^:/y\t. «*)Sa)/<>K^A''V3^<*:y:^#<^j:*cfc3 

[ O O 4 9 ] ^5lcila)JiT<D. T^tftm^&m 2 1 . ±ffl 
3t«/1^B2 2. fccblZ-ecDja^fiiJOTSP^^'^ Kg2 3. 

*^?fili$G a N. K®^ A I G a NlzS^tf <fc 

l^o 'S'^^y KH<7)»*LInH)H*. 5 00AJa±5 00 
0AJ^JLTr*fcy. 3fcS;:KBa)»*LlNJ5*li. 200A 
Ja±2 0 0 0AiajLTr*fc^„ <7^*:;KBI*. 

^ii^li. a£*B(7>±TTrfE3|§^$iafr(z-r'5o lil8(7)«J) 
-Cfi. TW5fe»;fiB 2 1 . Tgp^ ^ KB 2 3 (i. n 
f:iK-e>^/L. ±gP5tS;fiB2 2. ±gp^^^yKB2 

4(i. pMfcK-f><f-r-5o K-e>yi6Stt. iga 



[0 0 5 0] m3£Sfc^®2 8l±. X^v^>^-eo< 

?E»i9L^ClS:A<i2^^^?. ^-vyTHgtt. 3x i oie c 

[005 1] pffifii$^(D±frff^j5E-r^)Mg K-:/pS 
GaNBl so^-N-gTSgli. ^E^i^^Ec:*— S ^ Sffi 

t<^i^o iS^-vyriiSii. J?*L<fi3 x i oi? cm 
-3 3 X 1 O20 c m-3 i^T-efc y . ci: y L < li 1 

X 1 018 cm-3 J51±1 X 1 O20 c m'^ ]>JiTV&^o 

[0 0 5 2] nmGaNizjPi-t^^—^v<?mm«nt 

Lr fi. AU In, Au. TiAu. TiAI. Cr 

^yt—zv^^mmitntLxit. n i au. Mg au. 

[0 0 5 3] :^%BM<D^iftm'!^(Om<DmtLX. 

ic. s i 020) [1-100] :&|p]a)x h^-<3fffivx 
nattisa^ftisi-rso c:(7)ieaa>±fcnSA i GaN 

tnMGaN$-^yig L^BIB LfcTaJJSStB 2 5 * f^S 

•rSo nSA I GaNirnMGaNCOS-Bli. ^5fe;jS^g 

<^1/4}ftS:IC3B:^J:'5f:iKJi[*«<JISl-r'5o 

n G a N^MS:-?^#pS§ptB2 7. pSAIGaNip 

MGaN^^yigLIIBLfc±g|5SltB2 6. M^S^^g 

jg|tB2 6 ^ffi^f ^P^A I G a N<b pS!G a N0)^ 

\t. I nxGa1-x N«3feB^ I nyGa1-y N/<g7B 
CZZX. x>y. 0^y<1) * 35SfC« y ig LSH 

[0 0 6 4] ^xiz^ a4i-t®cDm5S»^B2 8 6[)*'Dep 

5J^*x*>5^>/flcj:yRji^fz»*-r«o *fc. c:<7)«ii 

(0±\zmf^^^m^tsA s K-:/pMGaNBl 8 
•r^o c:co«5ta)-gIJ^^x^>^>^|Zcfc^TK^ 
*L. n + MGaNB(Z)SaiSP»*ff^j«L. C:<D±lCn 
®«|19. pMG a NB 1 8a)Ji(C^t^(Dpmfii2 O* 

mm-t^o cofSitco LD-eii. (S*cDL D(cit-<r. 
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